Aim To assess short-and long-term outcomes of redo ileal pouch-anal anastomosis (redo-IPAA) for failed IPAA, comparing them with those of successful IPAA.
Introduction
Restorative proctocolectomy (RPC) with ileal pouchanal anastomosis (IPAA) [1] is the gold standard for the surgical management of ulcerative colitis (UC). It is also one of the treatment options for familial adenomatous polyposis (FAP) and can be used in selected patients with Crohn's disease (CD) [2] [3] [4] . Improvements have focussed on better patient selection, better perioperative management and surgical procedure standardization (laparoscopic approach, close rectal dissection in the absence of cancer, "J" pouch design, and for most centres, stapled anastomoses). These improvements have resulted in acceptable long-term quality of life (QoL) and pouch function in > 90% of patients in expert centres [4] [5] [6] [7] [8] , with < 1% mortality. Nevertheless, IPAA remains associated with significant early and delayed postoperative morbidity (20%-50%) [9, 10] . Anastomotic leakage and pelvic sepsis expose the patient to pouch failure because of the development of chronic pelvic sepsis or pouch anastomotic stricture [4, 10, 11] . Furthermore, chronic pouchitis and remnant rectal cuff inflammation (2%-15%) may also be associated with pouch failure [4] [5] [6] [12] [13] [14] [15] [16] [17] [18] .
This risk of pouch failure leading to pouch excision and a permanent ileostomy ranges from 3% to 15% [7, 8, 19, 20] , and there has not been a significant fall in this incidence for 30 years [5, 10, 21] . Failure can occur within the first postoperative days or months but can also happen any time thereafter. It is caused by sepsis in half of the cases [5, [22] [23] [24] . Other causes of failure are mechanical reasons that induce evacuation disorders, mucosal inflammation and neoplastic transformation. If no salvage procedures are attempted, pouch failure eventually leads to the creation of a permanent ileostomy, an unfortunate outcome as IPAA is performed mostly in young adults.
Redo-IPAA is only acceptable if postoperative morbidity is low, and both QoL and function are similar to those observed in patients with successful primary IPAA. Nevertheless, few studies have compared the postoperative and long-term results of redo-IPAA with primary IPAA and none, to the best of our knowledge, included sexual function [23, [25] [26] [27] [28] [29] [30] [31] [32] [33] .
The aim of this study was to compare short-and longterm outcomes after redo surgery for failed IPAA with primary IPAA, through the experience of two tertiary care centres in inflammatory bowel disease (IBD) surgery.
Method Study population and design
This study was conducted in the Departments of Colorectal Surgery of Beaujon Hospital (Clichy) and Nord Hospital (Marseille). All consecutive RPC procedures with IPAA, performed for UC, FAP or CD between 1999 and 2016, were included. All patients referred from other institutions for postoperative pouch-related complications were included. All salvage procedures that did not entail a redo-anastomosis (i.e. abscess/fistula drainage, seton, direct repair, flap) were excluded, as was interventional endoscopy.
Redo-IPAA operations were divided into two groups according to the surgical approach:
1 Exclusive transanal approach (r-transanal) 2 Abdominoperineal approach (r-abdominal) An exclusive transanal approach was proposed when tissues were pliable on transanal digital examination during preoperative clinical review. In cases of fibrosis, the r-abdominal strategy was chosen.
Each redo-IPAA procedure was matched with two primary IPAAs (p-IPAA) according to the disease (UC, FAP or CD), age, and body mass index (BMI).
The primary end-points were bowel function and continence assessments. The secondary end-points were shortand long-term outcomes, QoL and sexual function.
Outcome measures
Data of primary and redo-IPAAs were collected from a prospective database. They included the following:
• demographic data: age, length of follow-up, BMI, American Society of Anesthesiology (ASA) score;
• preoperative data: disease (FAP, UC, CD), indication for surgery (refractory colitis, rectal stenosis, acute colitis, dysplasia, cancer, prophylactic surgery);
• intra-operative data: surgical approach, pouch design, type of anastomosis;
• postoperative data: short-term outcomes -postoperative mortality and morbidity according to Clavien-Dindo classification, including medical, overall surgical and pouchrelated complications, length of stay and delay of stoma closure, and long-term outcomes. A structured questionnaire was completed by telephone. This questionnaire included assessment of QoL and functional results using the Cleveland Global QoL score (CGQL) and the Cleveland Pouch Functional Score (PFS), respectively, which have demonstrated relevant scores for pouch surgery assessment [5, 34] . Sexual function was assessed by completing a self-administered questionnaire (FSFI for women, IIEF-5 for men) [35, 36] , which was posted for privacy. Functional and QoL assessments were performed in all patients, including those with a permanent ileostomy (for whom PFS, number of bowel movements and urgency were not recorded). Data on delayed complications and re-interventions were also collected. Intervals between primary and redo-IPAA, and between redo-IPAA and final assessment, were calculated from the date of stoma closure.
Preoperative assessment before redo-IPAA included the following: (a) complete clinical examination; (b) systematic pouchoscopy assessing pouchitis, anastomotic disruption or differential diagnosis (with biopsy, if needed); and (c) imaging assessment, by CT and/or MRI, with or without contrast enema, highlighting anastomotic level, perianastomotic findings (e.g. pelvic collection, anastomotic fistula) and pouch design.
Definitions
Postoperative morbidity included any complication that occurred during the hospital stay or within 30 postoperative days. Major complications were those that required any surgical, radiological or endoscopic invasive procedure or admission to an intermediate/ intensive care unit (Clavien-Dindo Grade III-IV). Symptomatic anastomotic leak was defined as fever > 38.5°C and/or suprapubic or perianal pain and/or turbid fluid in the drain, and was always confirmed by CT and/or reoperation.
Incontinence was defined as uncontrolled stool loss at least once per week. Seepage alone did not constitute incontinence. Permanent ileostomy for pouch failure was also classified as incontinence. The CGQL score was calculated from the mean of three criteria (current QoL, current quality of health and level of energy), each scored on a scale of 0-10. To assess satisfaction with surgery, we asked patients if they would undergo surgery again if necessary, and if they would recommend it to another person presenting with the same disease.
Surgical procedures

Primary IPAA
Primary IPAA was performed as previously described by our departments [37] .
Redo-IPAA by the transanal approach (r-transanal)
Patients were placed in the lithotomy position. The procedure consisted of pouch advancement with excision of the anastomosis: a circumferential rectal incision was made at the dentate line, below the former anastomosis site. Dissection was made into the intersphincteric plane and then upwards to mobilize the pouch. The distal portion of the pouch (including the former anastomosis) was excised, and a hand-sewn redo-IPAA was performed. This approach was used in cases of distal pouch perineal or vaginal fistulas, excision of inflamed or dysplastic anorectal mucosa, or short and distal anastomotic stricture refractory to dilation (a transanal circular stapler could also be used in this last scenario). If there was a stoma at the time of redo-IPAA, it was not closed. If not, a temporary ileostomy was created only in selected cases.
Redo-IPAA by the abdominal and perineal approaches (r-abdominal)
This procedure required both perineal and abdominal approaches. The abdominal approach consisted of complete division of adhesions with duodeno-pancreatic mobilization and radical pelvic dissection. Pelvic dissection was performed close to the pouch in order to avoid nerve injury. The perineal approach was similar to the rtransanal operation. The pouch was then progressively dissected and disconnected. According to the state of the pouch, it was either preserved or excised and a new pouch was formed from the distal ileum. Then, a new IPAA was fashioned, stapled whenever possible, or hand-sewn if necessary. Except in cases of dysplasia or cancer, anastomosis of the primary IPAA was performed with a stapling technique, 1-2 cm above the dentate line. Therefore, instead of a manual redo-IPAA, a redostapled anastomosis could be performed in many cases (43%). A temporary diverting ileostomy was performed. Reoperation was mainly by laparotomy or, in some selected cases, by laparoscopy.
Statistical analysis
Quantitative data are reported as mean AE SD (range). Normally distributed quantitative data were analysed using the Student's t-test; otherwise, the Mann-Whitney test was used. Qualitative data are reported as the number of patients (percentage) and were compared with either Pearson's v 2 test or Fisher's exact test, as appropriate. All tests were two-sided with a level of significance set at P < 0.05. All analyses were performed using the SPSS 22.0 (IBM, Chicago, Illinois, USA). This study was conducted according to the ethical standards of our institutional committee on human experimentation and reported according to the Strengthening the Reporting of Observational Studies in Epidemiology (STROBE) guidelines [38] .
Results
Data from 323 patients undergoing IPAA between 1999 and 2016 were screened, as well as data from 21 patients referred from other institutions for pouch failure. Thirty-nine redo-IPAAs performed in 33 patients were included ( Fig. 1 ): 16 r-transanal and 23 r-abdominal procedures. The primary IPAA was laparoscopic in 20 (61%) of 33 patients who had redo procedures. They were matched to 78 p-IPAAs (demographic data are given in Table 1 ).
Overall, 10 (30%) of 33 patients presented with redo failure and permanent ileostomy, whereas 18 (5.5%) of the 323 patients who were screened presented with pouch failure and permanent ileostomy. Fifty-one patients were operated on in our tertiary care centres or were referred from elsewhere for potential pouch failure; in all, 23 (45%) eventually had their pouch preserved.
r-transanal IPAA vs p-IPAA There were 16 r-transanal procedures, matched with 30 p-IPAAs: four had stapled procedures for anastomotic strictures and 12 had pouch advancements. The short-term results are shown in Table 2 . There was no mortality. Global morbidity (P = 0.72), major morbidity (P = 0.17) and anastomotic leakage (P = 0.32) did not differ between the r-transanal and p-IPAA groups. The length of hospital stay was significantly shorter for r-transanal than for p-IPAA procedures (P < 0.001).
The long-term outcomes are described in Table 3 . Mean follow-up was 72 AE 48 months (4-192) vs 69 AE 172 months (1.5-1392) in the r-transanal and p-IPAA groups, respectively. Delayed complication (P < 0.001) and re-intervention (P < 0.001) rates were significantly higher in the r-transanal group: 33 re-interventions were required in 11 patients, including 17 dilatations and five diverting ileostomies, two of which were permanent. The pouch conservation rate was significantly lower after the r-transanal approach than the p-IPAA approach (P = 0.001). Patients presenting with failure after r-transanal surgery had end ileostomies created for recurrence of pre-existing symptoms (n = 2), pre-existing ileostomies that were never closed (n = 2) and r-abdominal for recurrence after many reinterventions (n = 4).
Among patients who ended up without an ileostomy, PFS did not differ significantly between r-transanal IPAA and p-IPAA (P = 0.10), nor did mean bowel movements (P = 0.32). There was 25% (4/16) incidence of incontinence in the r-transanal group vs 4% (1/28) in the p-IPAA group (P = 0.10); the four patients in the r-transanal group were those with a permanent ileostomy. Figure 1 Flow chart. IPAA, ileal pouch-anal anastomosis; p-IPAA, primary IPAA; r-abdominal, redo-IPAA using the abdominal procedure; r-transanal, redo-IPAA using the transanal procedure. 
Indications
Surgical indications for r-abdominal IPAA are shown in Fig. 1 . Seven procedures were carried out for 'poor functional results': patients complained of a high number of bowel movements, with a mean frequency of 18.6 AE 14/24 h , often associated with severe incontinence. Investigations were performed in these seven patients: recurrent pouchitis was found in two (and can be included in the indication as refractory pouchitis); surgical history of septic complication after IPAA was found in three, possibly explaining poor compliance of the pouch; high stenosis was found in one; and a long rectal stump (6 cm) was found in one. Overall, 12 patients had a previous episode of pelvic sepsis: four had r-abdominal IPAA for current fistula; and eight had a history of anastomotic fistula, including one with peritonitis. The mean time between the first IPAA and r-abdominal IPAA was 5.4 AE 5.8 (0.5-24) years. To date, 56 procedures have been performed in 15 patients (i.e. 2.5 procedures per patient). Values are given as n (%) or mean AE SD (range). *Fecal function assessment performed for: 28/30 patients undergoing primary IPAA (transanal control group) (one was lost to follow up and one was diverted); 12/16 patients undergoing redo-IPAA by the transanal approach (four were diverted); 45/48 patients undergoing primary IPAA (abdominal control group) (two patients were diverted and one was lost to follow up); and 16/ 23 patients undergoing redo-IPAA by the abdominal approach (three patients were diverted, three had recent stoma closure, and one was lost to follow up). 
Outcomes
Short-term outcomes are shown in Table 2 . There was no mortality. Global morbidity (P = 0.06) and major morbidity (P = 0.96) did not differ significantly between the two groups. Long-term assessment (Table 3) was carried out after a mean follow-up of 45.6 AE 31.2 (6-144) months vs 69 AE 172 (1.5-1392) months. Faecal function, QoL and sexual function did not differ between the r-abdominal IPAA and p-IPAA groups. PFS were similar in both groups (P = 0.43), as were mean bowel movements (P = 0.68) and incontinence (P = 0.40). Delayed complications were significantly higher in the r-abdominal group (P = 0.04) but no significant differences were observed in the re-intervention rate (P = 0.32). The pouch conservation rate was 85% after r-abdominal IPAA surgery.
r-abdominal IPAA vs r-transanal IPAA
The r-abdominal and r-transanal groups were comparable in terms of gender (P = 0.22), age (P = 0.88), BMI (P = 0.94), ASA score (P = 1) and indications for primary IPAA. Postoperative morbidity was higher after r-abdominal surgery (P = 0.02), but major morbidity was equivalent (P = 1). In terms of long-term outcomes, PFS (P = 0.36), CGQL score (P = 0.34), IIEF-5 (P = 0.34) and FSFI (P = 0.25) were comparable, as were the number of bowel movements per day (P = 0.47) and per night (P = 0.68), incontinence (P = 0.53) and urgency (P = 0.37). However, the reoperation rate was higher after r-transanal surgery (P = 0.02), as was patient satisfaction after r-abdominal procedures (P = 0.03) (data not shown).
Discussion
We assessed the outcomes of pouch salvage surgery after primary IPAA failure. Thirty-nine redo-IPAAs were performed by transanal or abdominoperineal approaches. Functional results, QoL and sexual function did not differ significantly between r-transanal or r-abdominal approaches compared with p-IPAA. The r-transanal IPAA procedure offered low postoperative morbidity but resulted in a greater number of delayed complications and re-interventions than the r-abdominal IPAA procedure, with only 50% of pouches being conserved. The r-abdominal IPAA procedure allowed 85% of pouches to be conserved without jeopardizing shortand long-term outcomes after a 3-year follow-up. However, these results have to be interpreted with caution in view of the small sample size of our study and the inherent risk of a type 2 error.
Despite major advances in perioperative management and standardization of surgery [37, [39] [40] [41] [42] [43] 45, 46] , IPAA still has early and delayed pouch-related complications, leading ultimately in some patients to pouch failure and permanent ileostomy. Redo surgery has several drawbacks: risk of nerve, ureter and vessel injury in a previously operated pelvis; impractical because of the small bowel being too short (15% in our series); and pouch failure recurrence, or at least bad functional results, because of postoperative septic complications (and/or possible pelvic fibrosis). For all of these reasons, some surgeons perform a permanent ileostomy rather than a redo-IPAA. Nevertheless, encouraging results regarding function and QoL after redo-IPAA have been reported [23, [25] [26] [27] [28] [29] [30] [31] [32] [33] ; however, the level of evidence is low with mostly descriptive studies and wide variation in population size, type of salvage procedures and assessment scores for QoL and pouch function. Finally, we did not find any study assessing sexual function after salvage pouch surgery. The present study reported outcomes of redo-procedures performed either by the transanal approach or the abdominal approach. In the present study, the failure rates after redo-procedures were significantly higher than those after p-IPAA. Tekkis et al. [47] made the same observation after comparing 127 r-abdominal IPAA procedures with 127 p-IPAA procedures, for which the failure rates were 27.5% and 7.7%, respectively (P < 0.001).
In the review by Tulchinsky et al., there were no structured indication guidelines for the transanal approach [23] . McLean et al. chose to perform an abdominal approach directly in order to avoid iterative transanal procedures [30] , whereas Faucheron et al. preferred local procedures at first attempt (48). For Shawki et al., the type of surgical approach depended on the anatomy, histological diagnosis and surgeon's preference [33] . Our r-transanal group had a 50% failure rate, and despite low morbidity, we found a high rate of delayed complications and re-interventions. These disappointing results prompt us to recommend r-transanal surgery sparingly, in the few cases where there is no fibrosis and the abdominal approach would be unwise (e.g. history of mesh repair, frail patients).
Septic complications are common risk factors for failure after IPAA [5, [22] [23] [24] and are found in > 50% of cases of failure. In our series, previous pelvic sepsis was recorded in 52% of cases before r-abdominal surgery. Fazio et al. observed that septic conditions did not prohibit a redo surgery, with a success rate of 86% at 18 months after 35 r-abdominal procedures [25] . Our own results, with a longer follow-up, support this finding.
Regarding outcomes after r-abdominal IPAA, mean bowel movements were 6 AE 3/24 h, including 1.2 AE 1 per night with 31% urgency and 13% incontinence. These are surprisingly satisfying functional results, given that over half (57%) of anastomoses were hand-sewn. Indeed, hand-sewn anastomoses have been shown to have worse functional outcomes, especially for nocturnal function, than stapled anastomoses [19, 44] . In our experience, the anal stump was often too short to use a stapling device.
In our series, r-abdominal surgery was associated with acceptable morbidity and reoperation rates, with good outcomes regarding sexual function and QoL that did not differ significantly from those of p-IPAA. Therefore, it appears that subsequent radical surgery was not deleterious in this selected group of patients. Furthermore, after almost 4 years of follow-up, r-abdominal IPAA permitted pouch retention in 85% of patients. Moreover, satisfaction with surgery was good (8/10) . This agrees with the results of Pemberton et al., namely that IPAA gave significantly better QoL than did end ileostomy (49).
In conclusion, our data suggest that r-abdominal surgery for failed IPAA should be discussed with the patient. Despite lower rates of pouch conservation than after p-IPAA, redo-IPAA provided similar continence and functional results with low morbidity and allowed pouch salvation in 85% of cases. By contrast, r-transanal surgery should be used sparingly. Nevertheless, these results have to be interpreted cautiously in view of the small sample size.
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